2 To draw a global view of plant responses to interactions with the phytopathogenic 3 enterobacterale Dickeya dadantii, a causal agent of soft rot diseases on many plant species, 4 we analysed the early Arabidopsis responses to D. dadantii infection. We performed a 5 genome-wide analysis of the Arabidopsis thaliana transcriptome during D. dadantii infection 6 and conducted a genetic study of identified responses. 7 A limited set of genes related to plant defence or interactions with the environment were 8 induced at an early stage of infection, with an over-representation of genes involved in both 9 the metabolism of indole glucosinolates (IGs) and the jasmonate (JA) defence pathway.
3 promote disease progression (such as inhibition of PCD, ABA pathway). As none of these 4 plant responses is decisive in the disease issue, we hypothesised that other not already 5 examined plant responses could occur during the interaction. In order to identify such new 6 plant factors involved in this interaction, regardless the role -whether positive or negative -of 7 these factors, we adopted a without a priori strategy based on the genome scale transcriptome 8 analysis of Arabidopsis during the early stage of D. dadantii infection. This study showed 9 increased expression levels of three sets of genes during the early stage of infection. These 10 included genes involved in the biosynthesis of tryptophan, genes involved in the metabolism 11 of indole glucosinolates (IGs) tryptophan-derived secondary metabolites and genes involved 12 in the JA biosynthesis and signalling pathway. By using bacterial or plant mutants, we further 13 analysed the relationship between JA and IG pathways, the nature of the bacterial triggering 14 factors and the efficiency of these responses on disease progression. 15 16 Material and methods 17 Biological material and growth conditions 18 D. dadantii wild type and mutant strains used in this study are listed in Supplemental Table   19 S1. The wild type strain 3937 (our collection) was isolated from Saintpaulia ionantha 20 (African violet). Bacterial strains were grown at 30°C in Luria-Bertani medium. Liquid 21 cultures were grown in a shaking incubator (180 rpm). For plant inoculations, the bacterial 22 inoculum was prepared as follows: an aliquot of the -80°C glycerol stock culture was streaked 23 on solidified LB medium (1.5% Difco agar) and grown for 48 h at 30°C. Then, a single 24 colony was used to inoculate a liquid culture. After 8 h of growth at 30°C, 100 μl of the 1 culture was plated on LB agar medium and incubated overnight. The bacteria were then 2 suspended in inoculation buffer (50 mM KPO 4 , pH 7) and inoculum density was adjusted to 3 the value mentioned in each experiment. 4 Arabidopsis thaliana lines used in this study are listed in Supplemental Table S1 . Arabidopsis 5 seeds were sown in non-sterile soil, synchronized by incubation for two days at 4°C and 6 allowed to germinate and grow for three weeks. They were then potted individually 7 changes for each gene were normalised to 0 hpi control (set to one). All assays were run in 8 duplicates (biological replication) to control for overall variability. 21
The microarray analysis revealed that a limited set of genes displayed significant differential 22 expression (Bonferroni P value, threshold of 5%) during infection. 274 genes (i.e. around 1%
23 of the total protein encoding genes), corresponding to 263 up-regulated and 11 down-1 regulated genes, displayed significant differential expression 12 or 24 hpi as compared to the 2 mock-inoculated controls ( Fig 1A, Supplemental Table S2 ). Of these genes, 61 were up and 1
3 was down-regulated at both 12 and 24 hpi. 4 We analysed the putative functions of these genes by using the Protein Sequence database of 5 the Munich Information Centre [41] . 64% of the differentially expressed genes are annotated 6 as encoding proteins of known or predicted functions, distributed among 3 main categories 7 ( Table 1 , Fig 1B) . Not surprisingly, nearly one third of the modulated genes are associated 8 with the "interaction with the environment, cell rescue and defence" category. Another third 9 corresponds to the "metabolism-related" category, with an over-representation of amino acid 10 and secondary metabolisms. The third main category (15%) is related to the "cellular 11 transport" category (electron transport, drug/toxin transport). Down-regulated genes do not 12 clustered in any special functional category.
13 12 (metabolism and signalling) represent more than 10% of the modulated genes, with 13 respectively 13, 10 and 7 genes ( Table 2) , that cover the entire IG metabolic pathway, from 14 the synthesis of the key precursor Trp to almost every biosynthesis and degradation steps ( Fig   15 2) . Notably, D. dadantii infection also modulates the expression of the gene encoding the 16 MYB51 transcription factor involved in IG metabolic regulation [42] . Up-regulated JA 17 biosynthesis genes are involved in the early steps of JA biosynthesis, with three LOX genes 18 (conversion of α-linolenate) and three genes involved in oxo-phytodienoate (OPDA)
19 conversion to OPC8-enoyl-CoA ( Table 2 ). In addition to these biosynthesis genes, four of the 4 Activation of the two IG biosynthesis genes was not significantly different in the JA 5 biosynthesis mutants jar1 compared to the col-0 wild type plant 24 hpi (Fig 4) . By contrast, in 6 the JA insensitive coi1 mutant no significant induction of the SOT16 gene was observed 24 7 hpi, while the induction of the CYP79B2 gene was not altered (Fig 4) . These results reveal the 21 This allows us to outline an accurate picture of gene induction according to bacterial 22 genotypes. 23 We quantified by qRT-PCR transcript accumulation levels of two IG-related genes ( Fig 5A  1 and B) and two JA-related genes (Figs 5C and D) after buffer inoculation, inoculation with 2 the wild type D. dadantii strain (3937) and with mutants altered in the three protein secretion 3 systems known to be involved in virulence (prtE, type I mutant, outC, type II mutant and 4 hrcC, type III mutant).
5 Figure 5A and B clearly show that IG-related gene transcript accumulation observed 30 hpi 6 with the wild type bacterial strain was considerably lower after infection with the mutant 7 strain with an altered protein secretion system I (T1SS prtE) and was similar to the buffer-8 inoculated control with the mutant strain with an altered protein secretion system II (T2SS 9 outC). Thus, T1SS and T2SS play a role in the induction of the IG biosynthesis pathway.
10 Conversely, inactivation of the secretion system III (T3SS hrp secretion system) leads to an 11 approximately two-fold IG-related transcript accumulation increase as compared to the wild 12 type strain. 17 The T2SS is the major secretion system both in terms of pathogenicity impact and number of 18 secreted factors, as it is responsible, among others, for the secretion of 10 pectate lyases and 1
cellulase [47]. To clarify the dependence of IG-and JA-related gene expression on T2SS
20 secreted factors, we analysed the expression of 2 IG-and 2 JA-related genes after Arabidopsis 21 inoculation with the ∆pel mutant that is impaired in the secretion of the five major pectate 22 lyases (PelABCDE). Figure 6 demonstrates unequivocally that these major pectate lyases are 23 necessary for the observed inductions.
24 Involvement of JA and IG pathways in disease progression 1 In order to analyse the importance of the IG response in disease progression, we performed a 2 kinetics analysis of symptom progression in both JA and IG-deficient Arabidopsis mutants as 3 compared to the wild type parent.
4 The JA biosynthesis jar1 Arabidopsis mutant has already been briefly described as more 5 susceptible to D. dadantii infection [25] . We extended this study by analysing the phenotype 6 of two JA mutants: the JA insensitive coi1 mutant and the biosynthetic jar1 mutant. Plants 7 were infected with D. dadantii wild-type strain, and disease progression was scored during 8 five days using a severity symptoms scale from 0 to 3 (see legend of Fig 7) as previously 9 described by Lebeau et al. [17] . In all JA mutants, we observed a significantly increased 10 number of plants with severe symptoms (scored 3) as compared to wild-type infected plants 11 three, four and five days post-inoculation ( Fig 7A) . Moreover, symptoms appear earlier (2 and 12 3 dpi) in the coi1 and jar1 mutants. This confirms that the JA pathway is involved in partial 13 resistance of Arabidopsis to D. dadantii.
14 As IG-related genes were shown to be up-regulated during infection, we also investigated the 18 the related indole glucosinolate secondary metabolites (Fig 2) . Moreover, our study also 19 revealed the modulation of JA-related genes expression. 1 First, induction of the CYP79B2 gene encoding (with CYP79B3) the bottleneck enzyme of 2 tryptophan-derived secondary metabolism [60] was shown to be independent of the JA 3 pathway while the induction of the downstream SOT16 biosynthesis gene was dependent on 4 the JA receptor COI1 (Fig 4) . The occurrence of differential regulations along a biosynthetic 5 pathway is not unusual and could be related to the involvement of this pathway in a wide 6 metabolic network. Indeed, indole acetaldoxime -the product of CYP79B2 activity -serves as 7 a branching point for indole glucosinolates, IAA and camalexin biosynthesis (for review see
). From that perspective, it can be easily conceived that a regulation of genes involved in 9 a final synthesis step would be more efficient to control total IG contents without disturbing 10 others pathways. Second, SOT16 gene induction was shown to be dependent on the JA 11 receptor COI1, but not on the key JA biosynthesis jasmonate-amido synthetase enzyme, 12 encoded by the JAR1 gene. Such contrasted effects of mutations inactivating COI1 and JA 13 biosynthesis genes have often been described in other systems. For example, the jar1 mutant 14 was shown to have little or no effect on wound induction of JA-regulated genes such as 24 activation after infection with D. dadantii mutants impaired in the major protein secretion 25 systems involved in virulence to find out if a secreted virulence factor could trigger this gene 1 induction. We showed that the T1SS (PrtE) and T2SS (OutC) were individually necessary to 2 fully induce both pathways ( Fig 5) . Notably, induction impairment was more severe after 3 infection by the outC mutant than by the prtE mutant for both pathways. Of the hundred 4 proteins secreted by D. dadantii, pectinases are the predominant virulence factors secreted by 5 the T2SS, as revealed by the phenotype of the outC mutant that is totally unable to provoke 6 maceration symptoms [9] . We therefore extended our analysis to the ∆pel mutant that is 7 impaired in the synthesis of the five major pectate lyases PelABCDE. This analysis showed 8 that this limited set of five pectate lyases was required to trigger the observed inductions of 9 both JA and IG pathways ( Fig 6) . 18 peptide and amino acid substitutions concern some amino acids which are known to be 19 important for elicitor activity [69] . This could explain the lack of induction of the IG pathway 20 by D. dadantii flagellin. We can envision that the lack of some plant responses to D. dadantii 21 MAMPs would represent an adaptive advantage for the pathogen during the early 22 asymptomatic stage, the subsequent activation of plant responses during the following 23 symptomatic stage possibly occurring too late to be efficient.
24 Compared to the much weaker induction observed with T1SS and T2SS mutants, induction of 25 both JA-and IG-related genes after infection by the T3SS hrcC mutant was about 2 times 1 higher than after infection by the wild type 30 hpi ( Fig 5) . It is well documented that T3SS of 2 plant pathogenic bacteria injects effector proteins that suppress basal defence (for review, see 4 However, these studies minimize the complexity of the glucosinolate response, as illustrated 5 by the diversity of glucosinolate species (more than 40 molecules, of which 4 known IGs) and
6 of nitrile specifier enzymes that generate various nitrile species in conjunction with 7 myrosinases. In addition, in vitro studies do not take into account well known bacterial 8 adaptations to various plant generated stresses encountered during infection, such as acidic 9 and oxidative stresses. Thus, we could potentially imagine a bacterial adaptive response to 10 toxic IG-breakdown products.
11 The phenotypic analysis of three Arabidopsis mutants impaired in IGs biosynthesis (atr1, 12 cyp79B2cyp79B3 and sot16) did not reveal any significant difference in symptom severity 13 after D. dadantii inoculation as compared to the wild type ( Fig 7B) . This indicates that IGs do 22 Data deposition 23 Microarray data were deposited at Gene Expression Omnibus database (accession number
